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(54) Isolation and sequencing of the hazel FAd2-N gene 

(57) The invention relates to the isolation from hazel/ 
(Corylus avellana L) of the FAD2-N gene coding for the 
A1 2 desaturase enzyme of the microsomal fraction and, 
in particular, provides the nucleotide sequence and the 
deduced amino-acid sequence of the gene and pro- 
vides for its use as a probe for the isolation of other plant 
desaturases. It also relates to the use of this gene for 
altering the desaturase levels and consequently the 
fatty-acid composition of the plant. 
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Description 

The present invention relates to the isolation from hazel (Corylus avellana L) of the FAD2-N gene which codes for 
the A1 2 desaturase enzyme of the microsomal fraction. 

More particularly, the invention relates to the nucleotide sequence, to the derived amino^cid sequence of the gene^ 
and to its use as a probe for the isolation of other plant desaturases. It also relates to the use of th.s gene for altenng 
the desaturase levels, and consequently the fatty-acid composition of the plant. „ Mtoet 
deration of the fatty-acid composition may have various applications in the industnal field. One^ the gr safest 
problems with hazelnuts is that they become rancid by oxidation. This is due to the auto-oxriation of "grated *•* 
with the consequent formation of volatile substances with a rancid odour which cannot easily be eliminated by the usual 
preservation systems. Amongst the possible strategies for reducing the tendency to become rancid, the beseems to 
be that of reducing the degree of unsaturate of the fatty acids present in the kernel oil, s.nce >£«^£tt«£ 
oxidation is positively correlated with this parameter. In fact, the rate of W 0 M°^ x ™*™ r **!?^£" U ^% 
of C=C double bonds in the fatty acids. The rate of auto-oxidation of the fatty acids in comparison with the oleate (18.1) 
is about 30 times greater in the linoleate (18:2) and 80 times greater in the linolenate (18:3). Moreover; the volatile sub- 
stances resulting from the degradation of the linoleate and of the linolenate have a lower threshold of perception than 
those derived from the oleate. A reduction in linoleic acid should reduce the availability of substrates for lipoxygenase, 
reduce the loss of vitamin E during preservation, and reduce the production of volatile substances such as hexanals. 

In the angiosperms. most of the synthesis of polyunsaturated lipids takes place by means of a single enzyme, that 
is A12 (or co6) desaturase (18:1 desaturase). of the endoplasmic reticulum, although there is an 18:1 chloroplast desat- 
urase in the leaves of some plants. Moreover, this enzyme is responsible for more than 90% of the synthesis of polyun- 
saturated fatty acids in non-photosynthetic tissues such as, for example, in the kernels. The conversion ol 'o lac acid 
(18:1) to linoleic acid (18:2) thus takes place by means of A12 desaturase. and from linoleic acid to linolemc acid (18.3) 
by means of A1 5 (or oa3) desaturase. 

It has been shown with mutants of Arabidopsis that the FAD2 locus contains a gene which codes for the oleate 
desaturase enzyme of the endoplasmic reticulum (Okuley et al. 1994, The Plant Cell 6. 147-158). The FAD2 gene was 
in feet able to complement mutants of Acabidopsis which were deficient in desaturase activity of the endoplasmic retic- 
ulum. The gene coding for the same enzyme in soya has also recently been isolated and sequenced (Heppard et al. 

1995, Plant Physiol., in press). 

A reduction in the A1 2 desaturase levels should therefore lead to a reduction in the linoleic acid content and, as a 
secondary effect, probably also to a reduction in linolenic acid. In hazelnuts the percentage of linoleic acid varies from 
5 to 1 5%- the percentage of linolenic add is from 0. 1 to 0.2%. A reduction in these fatty acids should therefore be useful 
in the preservation of hazelnuts. There is therefore clearly a need to isolate the gene which codes for the A12 desatu- 
rase of the endoplasmic reticulum. The sequence of the gene could thus be used for gene mactivation in hazelnut ker- 
35 nels This inactivation could be carried out either by the antisense technique (Smith et al. (1 988) Nature 334. 724-726) 
or by the "transwitch" technique (Flavell (1994) Proc. Natl. Acad. Sci. USA 91 . 3490-3496). In the antisense technique, 
the hazel would have to be transformed by the entire FAD2-N gene or by portions thereof, inserted in the opposite direc- 
tion to the regulating sequences. In the "transwitch" technique, the hazel would have to be transformed by an identical 
copy of the FAD2-N gene. 
40 The subjects of the present invention are defined by the following claims. 

Embodiments of the present invention will now be described with reference to the following drawings, in which: 

Figure 1 shows the restriction map of the N2 genome clone, 

45 Figure 2 shows the nucleotide sequence of the hazel FAD2-N gene; the amino-acid sequence of the coding portion 
is also shown; 

Figure 3 shows the nucleotide sequence of the "I" clone of cDNA, 

so Figure 4 shows a comparison between the nucleotide sequences of the "I" and "N2" clones. 

Figure 5 shows a comparison between the amino-acids of the "N2" gene and Al 2 desaturases of Arabidopsis and 
of soya, 

55 Figure 6 shows the homology between hazel A1 2 desaturase and various desaturases of other plants both plastid 
and of the endoplasmic reticulum. 

Figure 7 shows the expression of the N2 gene in various varieties of hazel both in the leaves and in the kernels. 
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Isolation and clonino of the FAD2 nene of Arabidoosis t h aliana for use a s a prpbe 

In order to isolate the gene which codes for hazel A1 2 desaturase enzyme, it was necessary to use the FAD2 gene 

s ^ A T, oSe?to?M?ate°the' Arabidopsis gene, two oligonucleotides were used as "primers" for the , anplification ofthe 
sequences included between the start and the end of the gene. The oligonucleotides used were NOCC1 (CtGAATTC- 
CAGGTGGAAGAATGCC) which contains the Eco Rl restriction site and the sequences corresponding to the portion 
between bases 100 and 1 16 of the gene (Okuley J. et al. 1994. The Plant Cell 6. 147-158) and NOCC4 (AGGAATTC- 
GACAATTTCTTCACCATCATGC) which contains the restriction site of the Eco Rl enzyme and the sequences comple- 
io mentary to the portion between base 1245 and base 1266. The amplif ication reaction was as follows: 12.8jil H 2 Q 2.5ji 
10 x PCR buffer (Perkin Elmer), 2.5(il Arabidopsis genome DNA(10 ng/l), 1(il dNTP. each 2.5mM. 2pJ 25mM MgCfe, 1n 
NOCC1 oligonucleotide (50ng4U), luJ NOCC4 oligonucleotide (50ng/HO 0.2(il Taq I DNA polymerase (Perkin Elmer) 
(5U/al) The mixture thus prepared was subjected to 1 denaturing cycle for 1 minute at 94°C and to 40 cycles composed 
as follows 30 seconds at 94<>C. 1 minute at 52-C. 2 minutes at 72°C. The amplification products were separated on 1% 
agarose gel in TAE buffer (0.04M Tris-acetate. 0.002M EDTA) and stained with ethidium bromide at a concentration of 
0 5iig/ml The portion of gel containing the fragment of the expected length was withdrawn. In order to extract the DNA. 
10al of Qiaex resin (Qiaex extraction kit. firm Qiagen) were added for each 200mg of gel. The supplier's method was 
then followed. The DNA was then supplemented with a tenth of a volume of 10XH buffer (Boehringer) and 20 units of 
Eco Rl enzyme (Boehringer). After incubation overnight at 37°C, the DNA was precipitated with 0.1 volumes of 5M 
NH 4 OAc and one volume of isopropanol. After 1 0 minutes at ambient temperature, the DNA was centnfuged for 20 min- 
utes at 1 4000 rpm and the precipitate was washed with 70% ethanol. The DNA was resuspended in 15jil of H 2 0. The 
concentration was determined on gel by comparison with a known standard. 

The amplified fragment was inserted in the pUC18 vector. A ligation mixture was prepared as follows: 1jil pUCis 
plasmid DNA cut with Eco Rl (20ng), 1.5nl fragment amplified with NOCC1 and 4 (25ng). 1»il 10X ligase buffer (Boe- 
hringer) 1ul T4 DNA ligase (1U/jil) (Boehringer). 4.SuJ H z O. The reaction mixture was incubated at 14»C for 12 hours. 

In order to prepare competent cells, the method based on the compound hexamino-cobalt chlor.de was used 
(Maniatis, Molecular cloning. 1989. Cold Spring Harbor Laboratory Press. 1 .76-1 .81). 10^1 of the ligation mixture were 
added to each aliquot of competent cells, defrosted on ice. After the cells had been incubated on ice for 30 minutes they 
were subjected to thermal shock at 42°C for 90 seconds and were then replaced in ice for 60 seconds. After the addition 
of 0 5 ml of SOC broth (2% Bactotryptone. 0.5% yeast extract. 10mM NaCI. 2.5mM KCI. 10mM MgCI 2 , 20mM glucose, 
pH7) the cells were incubated at 37»C with stirring for 90'. 100, 200 and 300 M-l aliquots were spread on plates contain- 
ing solid LB broth (10gr/l NaCI. 10gr/l Bactotryptone. 5gr/l yeast extract. pH7.5. 15gr/l agar) with the addition of 50ng/ml 
of ampicillin and in the presence of IPTG and X-Gal. The plates were then incubated at 37»C overnight. 

Some of the bacterial colonies obtained were first analyzed for their plasmid content by a quick method (Maniatis, 
35 Molecular cloning. 1989. Cold Spring Harbor Laboratory Press. 1.32). The colonies containing a plasmid of the 
expected length were grown and their plasmid DNA extracted (Maniatis. Molecular cloning. 1989. Cold Spnng Harbor 
Laboratory Press. 1 .33). Those containing a fragment of the expected length (1 160 bp) were identified by digestion of 
the plasmid DNA with Eco Rl. The E1 colony was selected. 

One end of the insert of the E1 colony was sequenced. The plasmid DNA of the E1 clone was denatured and par- 
40 tially sequenced by Sanger's method using the enzyme Sequenase and 35 S-dATP (Amersham). The sequencing prod- 
ucts were separated on 8% acrylamide, 8M urea, 1XTBE gel. After electrophoresis, the gel was dried and «*P°sed 
overnight in contact with an autoradiographic plate (p max, Amersham). The sequence was compared with that pub- 
lished and was identical, identifying the Arabidopsis FAD2 gene in the cloned fragment. 
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45 Extraction of nucleic acids from hazel 

Hazelnuts of the Nocchione. Montebello and San Giovanni varieties were harvested when almost fully ripe. The 
kernel was skinned before being used or frozen in liquid nitrogen. The leaves were harvested at a young stage arid fro- 
zen in liquid nitrogen. 3 ml of extraction buffer were used for each gram of vegetable material with the use of the method 

so described by Verwoerd et al. (Nud. Ac. Res.. 1989. 2362). Upon completion of the extraction, two selective precipita- 
tions were carried out by the addition of NaCI 2M. and 2 volumes of 95% ethanol to eliminate polysaccharides. The final 
pellet was resuspended in Hp. Further centrifuging was then carried out to eliminate any non-resuspended material. 

On the other hand DNA was extracted from young leaves of the Nocchione and Montebello varieties. The vegeta- 
ble tissue was pulverized in liquid nitrogen and the DNA extracted by the CTAB (REF) method. To eliminate the polysac- 

55 charides. NaCI 2M and 2 volumes of 95% ethanol were added. The samples were incubated for 15' at -80°C and 
centrifuged for 15' at 4"C and 14000 rmp (Eppendorf). This selective precipitation was repeated twice and the final pel- 
let was resuspended in H 2 0. Further centrifuging was then carried out to eliminate any non-resuspended material. 
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Checking of the probe on hazel D NA and RNA 

About 20\xg of DNA of the Montebello and Nocchione varieties was cut with Eco Rl restriction enzyme in a volume 
of 300 \i\ in the presence of 400 units of enzyme and H buffer (Promega), with incubation for one night at 37°C. After 
digestion had been checked by gel electrophoresis of one twentieth of the reaction mixture, the samples were precipi- 
tated with ethanol and resuspended in 30\i\ of H 2 0. The DNA was then subjected to electrophoresis on 0.7% agarose 
gel and transferred by capillarity onto nylon membrane (Southern blot) for one night in the presence of 20 xSSC (3M 
NaCI. 0.3M Na citrate). The membrane was dried in air for 30' and then fixed by UV treatment (120.000 ^iJ/cm^). 

The Arabidopsis A12 desaturase gene was used as a probe. For this purpose, the plasmid DNA of the E1 clone 
(5>ig) was cut with 20 units of Eco Rl in the presence of H buffer (Boehringer) in a volume of 3Q\i\ for 12 hours at 37°C. 
The insert of the clone was separated from the vector by electrophoresis on 1% agarose gel and extracted from the gel 
with the use of Qiaex resin in accordance with the suppliers' instructions (Qiagen). The DNA was denatured for 10' at 
100°C. cooled rapidly in dry ice, and marked by the random priming method with the use of 6000 Ci/mmol (<** )P dATP 
and the reagents of Boehringer's marking kit. 

The nylon membrane containing the hazel DNA was prehybridized for 1.5 hours at 55°C in standard buffer (5 x 
SSC 0 1% (w/v) N-laurylsarcosine, 0.02% SDS, 1% blocking reagent solution) (10% blocking reagent solution: 10gr 
Boehringer blocking reagent in 150mM NaCI, 100mM maleic acid, pH7.5). The membrane was then hybridized with the 
Arabidopsis probe for one night at 55°C. The non-hybridized probe was washed twice for 1 5' in 2 x SSC. 0.1% SDS and 
twice for 1 5' each in 0.3 x SSC, 0. 1 % SDS, always at a temperature of 55°C. The probe remained coupled to the homol- 
20 ogous sequences on the membrane was detected by autoradiography. 

The RNA extracted from the young leaves of the Montebello and Nocchione varieties and from the kernels of the 
San Giovanni variety was separated on denaturing gel in the presence of formamide and transferred to nylon mem- 
brane by Northern blotting (Maniatis, Molecular cloning, 1989, Cold Spring Harbor Laboratory Press, 7.43-7.45). 
40>ig/sample of total RNA extracted from San Giovanni kernels, Nocchione leaves and Montebello leaves were used. 
25 60 pg of probe were used as a positive control. The RNA was loaded onto a 1 % agarose gel in the presence of formal- 
dehyde. The samples were then subjected to electrophoresis for 3 hours at 80 volts in the presence of IxMOPS. The 
gel was rinsed in H 2 0 and then stained with ethidium bromide 0.5 *ig/ml to display the RNA. The RNA was then trans- 
ferred onto a nylon membrane (Boehringer) by "capillary blotting" in the presence of 20 x SSC throughout the night at 
4°C After transfer, the membrane was dried on 3 MM paper and then fixed by crosslinking using UV light (Stratagene 
30 UV Stratalinker 1 20000 nJ/cm 2 ). The RNA was hybridised with the Arabidopsis A1 2 desaturase probe as described for 
the DNA Detection was carried out by autoradiography. The heterologous Arabidopsis probe was able to display a 
band with a molecular weight of about 1500 bp in the hazel RNA and 3 bands of about 18, 8 and 2.8 kb in the hazel 
DNA cut with Eco Rl. 

35 Construction of a oene lib rary of cDNA 

The gene library of cDN A was constructed from RNA from kernels harvested when almost fully ripe and taken from 
plants of the San Giovanni variety. For this purpose, the Poly(A)+mRNA was isolated from the total RNA with the use 
of the Poly(A)Tract mRNA Isolation System II, in accordance with the method provided by the firm Promega. The sam- 
40 pies were eluted in H 2 0 and precipitated with 0. 1 volumes of 3M NaOAc and 3 volumes of 95% ethanol. After one night 
at -80°C, the RNA was centrifuged for 15* at 14000 rpm (Eppendorf), the pellet was rinsed in 75% ethanol and resus- 
pended in 10*il of H 2 0. The concentration was read with a spectrophotometer and the yield was 3.2*ig of 
Poly(A)+mRNA per mg of total RNA. 

The messenger RNA polyadenilate derived from kernels of the San Giovanni variety was used as a template for the 
45 synthesis of complementary DNA (cDNA) with the use of Boehringer's "cDNA synthesis kit" in accordance with the 
method recommended by the suppliers. An extraction was then carried out with one volume of phenol :chloroform: iso- 
amyl alcohol (25:24:1). The cDNA was then purified in a Pharmacia column (cDNA spun columns) after the addition of 
NaC1 100 mM. The buffer used was the following: 10mM Tris-HCI pH 7.5, 1mM EDTA, 150mM NaCI. Eco Rl "adaptors" 
(Pharmacia) were added to the ends of the cDNA. The reaction mixture contained: 5jil of cDNA (half of the cDNA 
obtained from 6*ig of Poly(A)+RNA), 10>il of ligase buffer 10 x (Promega), 10fJtl of Eco Rl adaptors (0.01u/jil), 6 units of 
T4 DNA ligase (Promega). in afinal volume of 100*U. After incubation for 12 hours at 12'C, the ligase enzyme was inac- 
tivated for 10' at 65°C. Phosphorylation of the adaptors then followed by the addition, to the 100fil mixture, of 10>tl of 
100mM ATP and 10 units of T4 polynucleotide kinase. After incubation at 37°C for 30', the enzyme was inactivated by 
incubation for 10' at 65°C. Purification was then carried out with one volume of phenol :chloroform:isoamyl alcohol 
(25-24-1). The cDNA was then purified from fragments of less than 400 bp as follows. After the addition of NaCI to a 
final concentration of 0. 1 M NaCI. the cDN A was separated by chromatography in a column with Sepharose CL-4B resin 
(Size prep 400 spun column, Pharmacia) according to the method suggested by the suppliers. The fragments of cDNA 
shorter than 400 bases were thus excluded. The cDNA was precipitated with one thirtieth of a volume of 3M NaOAc 
and 2 volumes of 95% ethanol. centrifuged and resuspended in 10^1 of H 2 Q. 
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The cDNA was inserted in the X phage vector Zap II cut with Eco Rl and dephosphorylated (Stratagene) in tfne fol- 
lowing manner: 2»U of cDNA (200 ng), 1|U of X Zap II cut with Eco Rl (1^0 (Stratagene). 0.5uJ of T4 DN A Ugase 
(4U/UI) (Promega). 0.5nl of 10 x ligation buffer (Promega). 1|U of H 2 0. The reaction mixture was incubated for 14 hours 
at 1 2*C The mixture containing the cDNA inserted in the vector was used for the reconstruction of the phages with the 
use of Stratagene's Gigapack Gold "in vitro packaging" kit. The gene library of phages thus obtained was constituted 
by about 300.000 pfu (plaque-forming units). In order to amplrfy the gene library. XL1 Blue MRF cells were prepared as 
described by Stratagene and used the same day. The gene libraries were plated at a concentration of about 5000 pfu 
per plate (95 cm 2 ). After growth, the phages were resuspended in SM (5.8gr/l NaCI. 2gr/l MgS0 4 .7H 2 0. 50ml/l 1 M Tns 
HCI (pH 7 5) 5ml/l 2% gelatine) and. after the addition of chloroform to 5% and incubation for 15 minutes at ambient 
temperature/the cell debris was centrifuged for 1 0 minutes at 2000 x g. Chloroform to 0.3% was added to .the- superna- 
tant liquid and the phages were preserved at 4*C. Aliquots were preserved at -70°C after the addition of DMSO to 7%. 
The gene library was titled. 

nnnstruction of a p artial genome aene library 

The DNA of the Nocchione variety was digested with Eco Rl restriction enzyme and separated on agarose gel. The 
fragments with lengths of up to 10000 bp (base pairs) were isolated from the gel with the use of Qiaex resin according 
to the Qiagen's method. For cloning in the X vector Zap II. 400ng of DNA fragments were incubated with 1ng of 
desphosphorylated X Zap II (Stratagene) in the presence of ligase buffer and 1 .5 units of T4 DNA ligase (Promega) for 

20 1 2 h g" r ^^ e . s Gjgapack Qo|d ,. in vjtro packaging" kit was used in accordance with the suppliers' instructions to make 
up the gene library. The gene library of phages thus produced was amplified as described for the cDNA gene library 
The complexity of the gene library was 1 .500.000 clones. This gene library was also amplified. 

25 Screening of the cDNA g ene library 

About 250.000 phages of the cDNA gene library were plated on LB broth in the presence of XL1 Blue MRF cells, 
divided into 12 plates each containing 20.000 pfu. After growth, the phages were transferred onto nylon membranes 
and their denatured DNA was fixed on the membranes as described by Boehringer for screening with non-radioactve 
probes The membranes were then hybridized with the Arabidopsis A12 desaturase gene. The probe was prepared by 
the isolation of the insert containing the entire coding region of the gene from the plasmid. The insert was then marked 
with digoxigeninndUTP with the use of Boehringer's "DNA labelling kit". Prehybrtdization was carried out in standard 
buffer (Boehringer) and hybridization was carried out in the same buffer with the addition of the Arabidopsis probe at a 
concentration of I0ng/ml and at a temperature of 55°C. . nQvCcr 

After washing twice in 2xSSC. 0.1% SDS for 5 minutes at ambient temperature and washing twice in 0.3xSSC, 
0. 1%SDS at 55°C. detection was carried out with the use of an anti-digoxigenin antibody conjugated with alkaline phos- 
phatase (Boehringer) and a chemiluminescent substrate (AMPPD. Boehringer). 

1 1 positive phage plaques were identified. These were isolated, the phages resuspended in SM and titled. From 50 
to 200 phages were plated for each positive plaque. The plaques were transferred onto nylon membranes and sub- 
40 jected to a second hybridization with the Arabidopsis A12 desaturase probe, as already described above^The following 
clones which could hybridize with the Acabidopsis A12 desaturase gene were obtained from the second screening: I. 
F.4. 
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Screening of the genome gene library 

The gene library of Nocchione DNA was subjected to screening in the same way as the cDNA gene library. 
1 600 000 phages were plated, divided into 40 plates. After growth, they were transferred to nylon membranes as 
described for the cDNA gene library. The membranes were then hybridized with the Arabidopsis A1 2 desaturase gene 
as described for the cDN A gene library. Autoradiography of the membranes showed 9 positive plaques. These plaques 
were isolated, titled and subjected to a second screening. 6 plaques were re-confirmed as positive. 4 of these gave a 
very strong signal. 

Analysis of the clones isolated 

The following positive phage clones were converted into plasmids by in vivo excision in accordance witfi i the 
method suggested by Stratagene (Gigapack Gold in vitro packaging) : I. F. 4 (cDNA gene library). N2. N1 1 . N1 7, N18. 
N21 , N25 (genome gene library). 

The plasmid DNA of the clones of the cDNA gene library was isolated and the length of the insert analyzed by 
digestion with Eco Rl. The plasmid DNA of the genome clones was isolated, the length of the insert analyzed by cutting 
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with restriction enzyme, and the clones rechecked by hybridization with the Arabidopsis probe. Figure 1 shows the map 
of the N2 genome clone. 

Sequencing 

The N2 clone was selected from the genome dones. For sequencing, the insert was fragmented with Sau3A 
restriction enzyme and the fragments obtained were subcloned in pUC18 vector cut with BamHI (Maniate Molecular 
cloning 1989. Cold Spring Harbor Laboratory Press. 1 .68-1 .69). The clones obtained were analyzed both for the length 
of the insert and by hybridization with the Arabidopsis probe. Since the N2 insert was 2.8 Kb and hencelonger than the 
A12 desaturase gene, the hybridization excluded the clones containing sequences outside ihpi ™, e 
I F 4 and N2 clones was isolated and sequenced with the use of the Sequenase kit and (35S)dATR All of the clones 
(cDNA and genome) weref irst sequenced at the ends with the use of primers which could couple with the vector in both 
orientations. In order to complete the internal regions and to assemble the fragments of the N2 genome clone internal 
oligonucleotides were then designed and synthesized and were used for the sequencing. The following table shows the 
sequences of the internal oligonucleotides: 



OLIGONUCLEOTIDE 


SEQUENCE 


N2-3SS 


CAG ACC AGC ATC CGA GAC 


N2-3SD 


GGA TTG GCT TAG GGG GGC 


! N2-29RS 


GCC AAC CAT GTC ATC AAC CC 


NOCCS 


ATG GTA GAG AAG AGA TGG TG 


COL 


CTG GTG GGT TGT TGA AG 


N2-S1N 


GGA GAG GTC ATA AAC AAC 



The I and F clones were sequenced entirely. As far as the N2 clone is concerned, only the regions corresponding 
to the gene were sequenced. Figures 2 and 3 show their sequence. The I and F cDNA clones were identical. A com- 
parison between I and the N2 genome clone showed the same sequence (Fig. 4), indicating that N2 contains the gene 
which codes for the cDNA of the I clone. 

Comparison between the gene isolated and other d esaturases 

The nucleotide and amino-acid sequence of the N2 clone was compared with other desaturases (Figure 6). The 
greatest homology was with the two A12 desaturases of the endoplasmic reticulum and with a hydroxylase of ricin 
which uses the same substrate as A1 2 desaturase. Homology with the plastid A1 2 desaturases and with both the plas- 
tid and endoplasmic reticulum A15 desaturases was, however, much lower. Figure 5 shows the comparison between 
the amino-acid sequence of hazel A12 and those of Arabidopsis and soya. 

Checking of t he expression of the hazel A12 desaturase qgne 

RNA was extracted from kernels of the San Giovanni, Montebello and Nocchione varieties and from leaves of the 
Montebello and Nocchione varieties. After separation on agarose gel. the RNA was transferred onto a nylon membrane 
and hyhridized with the insert of the I clone marked with digoxigenin. The result is shown in Figure 7, in which a band 
is visible in the kernel RNA but not in that of the leaves. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: SOREMARTEC S.A. 

(B) STREET: Dreve de 1 ' Arc-en-Ciel 102 

(C) CITY: Arlon-Schoppach 

(E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP): 6700 

(ii) TITLE OF INVENTION: Isolation and sequencing of the 
hazel FAD2-N 

gene 

(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patent In Release #1.0, Version #1.30 

(EPO) 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: CH 0550/96 

(B) FILING DATE: 04-MAR-1996 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1662 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana cv. Nocchione 
(F) TISSUE TYPE: leaves 

(vii) IMMEDIATE SOURCE: 

(B) CLONE: N2 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 222 1370 

(D) OTHER INFORMATION : /product= M delta-12 desaturase" 
/gene= ""Fad2" M 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

CCTCATAAAA AAGTAAGCTC ATTTACCTCA AGTAGGGTTT CCTTATGACA AATGAGTCCC 
60 

GCAATCCTTT TCTATGAGGT GCTATAATTG CAAATGTCCA AATCATAGGG AT ATGG AT C C 
120 

AAATACTATT AATATTATGT AGTGTGTTTT TTTTTTTCCC TCAAATTTAC TCTCACACCT 
180 

AAGTTGATTT TCTCCAGCAT TGGACATAGC CTCTGTAGAC A ATG GGA GCT AGA 

233 Met Gly Ala Arg 

1 

AGC CGA ATG CCT GCT ACC AAC AAG CCT AAA GAG CAA AAA ACA CCC ATC 
281 

Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin Lys Thr Pro lie 
5 10 15 20 

CAG CGA GCA CCA CAC ACA AAA CCC CCA TTC ACT CTT AGC CAA CTC AAG 
Gin Arg 9 Ala Pro His Thr Lys Pro Pro Phe Thr Leu Ser Gin Leu Lys 
25 30 35 

AAA GCC GTC CCA CCC AAT TGT TTC CAA CGC TCT CTC CTA CGC TCG TTC 
377 

Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu Leu Arg Ser Phe 
40 45 50 

TCA TAT GTT GTT TAT GAC CTC TCC TTA GCC TTC CTC TTC TAC TAT ATT 
425 

Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu Phe Tyr Tyr He 
55 60 65 

GCT ACC TCT TAC TTC CAT CTC CTC CCT CAC CCC CTT TCC TAC TTG GCA 
47 3 

Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ala 
70 75 80 

TGG TCA ATC TAT TGG GCT CTC CAA GGC TGC ATT CTC ACC GGC GTT TGG 
Trp Senile Tyr Trp Ala Leu Gin Gly Cys He Leu Thr Gly Val Trp 
85 90 95 100 
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GTC ATC GCA CAT GAG TGC GGT CAC 
569 

Val He Ala His Glu Cys Gly His 
105 

GTT GAT GAC ATG GTT GGC CTA ACC 
617 

Val Asp Asp Met Val Gly Leu Thr 
120 

TAC TTT TCA TGG AAG ATT AGC CAC 
665 

Tyr Phe Ser Trp Lys He Ser His 
135 140 

TCC CTT GAC CGA GAT GAG GTG TTT 
713 

Ser Leu Asp Arg Asp Glu Val Phe 
150 155 

CCA TGG TTT TCT AAG TAC TTC AAC 
761 

Pro Trp Phe Ser Lys Tyr Phe Asn 
165 170 

CTT TTG ATC ACA CTC ACT CTA GGC 
809 

Leu Leu He Thr Leu Thr Leu Gly 
185 

GTT TCT GGC CGA CCC TAT GAT CGT 
857 

Val Ser Gly Arg Pro Tyr Asp Arg 
200 

GGC CCC ATT TAT TCC AAT CGC GAA 
905 

Gly Pro He Tyr Ser Asn Arg Glu 
215 220 

GCT GGT GTC TTT GCT ACA ACT TAT 
953 



CAT GCC TTT AGT GAC TAC CAA TGG 
His Ala Phe Ser Asp Tyr Gin Trp 
110 H5 

CTT CAC TCT GCT CTT TTA GTT CCA 
Leu His Ser Ala Leu Leu Val Pro 
125 130 

TGT CGC CAC CAC TCT AAC ACC GGC 
Cys Arg His His Ser Asn Thr Gly 
145 

GTC CCC AAG CCG AAA TCC AAA ATG 
Val Pro Lys Pro Lys Ser Lys Met 
160 

AAC CCA CCA GGT AGG GTC CTC ACT 
Asn Pro Pro Gly Arg Val Leu Thr 
175 180 

TGG CCC TTG TAC TTA GCC TTG AAT 
Trp Pro Leu Tyr Leu Ala Leu Asn 
190 195 

TTT GCT TGC CAC TAT GAT CCC TAT 
Phe Ala Cys His Tyr Asp Pro Tyr 
205 210 

AGG TGT CAA ATA TTT GTC TCG GAT 
Arg Cys Gin He Phe Val Ser Asp 
225 

GTG CTT TAC TAC GCA GCA ATG TCA 
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Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr Ala Ala Met Ser 
230 235 240 

AAA GGG CTG GCA TGG CTT GTA TTC ATT TAT GGT ATG CCA TTG CTC ATA 
Lys Gly^Leu Ala Trp Leu Val Phe He Tyr Gly Met Pro Leu Leu He 
245 250 255 260 

GTG AAT GGC TTC CTT GTA TTA ATC ACC TAC TTG CAG CAC ACT CAC CCT 
1049 

Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin His Thr Hxs Pro 



265 



270 275 



GCA TTG CCG CAC TAT GAC TCA TCA GAA TGG GAT TGG CTT AGG GGG GCA 
Ala Leu ? Pro His Tyr Asp Ser Ser Glu Trp Asp Trp Leu Arg Gly Ala 



280 



285 290 



TTG GCG ACG GCG GAT AGA GAT TAC GGA ATG CTG AAT AAG GTT TTC CAC 
Leu Ala 5 Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn Lys Val Phe His 
295 300 305 

AAT ATC ATA GAC ACC CAT GTG GCT CAC CAT CTC TTC TCT ACC ATG CCT 
Asn Ile 3 Ile Asp Thr His Val Ala His His Leu Phe Ser Thr Met Pro 
310 315 320 

CAT TAC CAT GCA ATG GAA GCC ACC AAA GCA ATC AAG TCA ATA TTG GGC 
1241 

His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys Ser He Leu Gly 
325 330 335 340 

AAA TAC TAC CAG TTT GAT GGC ACT CCA GTT TAC AAG GCA GTG TGG AGG 
1289 

Lys Tyr Tyr Gin Phe Asp Gly Thr Pro val Tyr Lys Ala Val Trp Arg 
345 350 355 

GAG GCT AAA GAG TGC CTT TAT GTT GAG TCG GAC GAG GGG GCC CCT AAC 
1337 

Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu Gly Ala Pro Asn 
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360 365 370 

AAA GGT GTT TTC TGG TAT CAG AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA 
1390 

Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
375 380 

AGAAAATGTG ATTAGTAAGG TAGTGTCTTT GGTCAGTTTG GTGTGTTAAG GAACAAATAA 
1450 

TAATAATTAG CGACTATGAA TAGTTATTGT TAAACAAAAT TCACCCTTAT GTTTAGCAGG 
1510 

AACTTTTCTG GCTACACTTT TTTTCGTATG AAAAGCGCAT ATTTTTTAAT TGTTATATTG 
1570 

TTTTGACATT ACTCAAGCTT CAAAATTAAT ATCACAGAAA ATATCCAATG TCGAAGGTTT 
1630 

CATTGTAGGT TGAAAACTTT ATATTGAGGT GG 
1662 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 383 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Gly Ala Arg Ser Arg Met Pro Ala Thr Asn Lys Pro Lys Glu Gin 
15 10 I 5 

Lys Thr Pro He Gin Arg Ala Pro His Thr Lys Pro Pro Phe Thr Leu 
20 25 30 

Ser Gin Leu Lys Lys Ala Val Pro Pro Asn Cys Phe Gin Arg Ser Leu 
35 40 45 

Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser Leu Ala Phe Leu 
50 55 60 

Phe Tyr Tyr He Ala Thr Ser Tyr Phe His Leu Leu Pro His Pro Leu 
65 70 75 80 

Ser Tyr Leu Ala Trp Ser He Tyr Trp Ala Leu Gin Gly Cys He Leu 
85 90 95 
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Thr Glv Val Trp Val He Ala His Glu Cys Gly His His Ala Phe Ser 
100 105 HO 

Asd Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr Leu His Ser Ala 
115 120 125 

Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser His Cys Arg His His 
130 1 135 140 

Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe Val Pro Lys Pro 
145 150 155 160 

Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn Asn Pro Pro Gly 
165 170 175 

Ara Val Leu Thr Leu Leu He Thr Leu Thr Leu Gly Trp Pro Leu Tyr 
* 180 185 190 

Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg Phe Ala Cys His 
195 200 205 

Tyr Asp Pro Tyr Gly Pro He Tyr Ser Asn Arg Glu Arg Cys Gin He 
210 215 220 

Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr Val Leu Tyr Tyr 
225 230 235 240 

Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe He Tyr Gly Met 
245 250 255 

Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He Thr Tyr Leu Gin 
260 265 270 

His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser Glu Trp Asp Trp 
275 280 285 

Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr Gly Met Leu Asn 
290 295 300 

Lys Val Phe His Asn He He Asp Thr His Val Ala His His Leu Phe 
305 310 315 320 

Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr Lys Ala He Lys 
325 330 335 

Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr Pro Val Tyr Lys 
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340 345 350 

Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr Val Glu Ser Asp Glu 
355 360 365 

Glv Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser Lys Leu * 
1 370 375 380 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1133 base pairs 

(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: cDNA to mRNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: C-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Corylus avellana L. cv. San Giovanni 
(D) DEVELOPMENTAL STAGE: Seed, storage deposition stage 

(vii) IMMEDIATE SOURCE: 

(B) CLONE : I 

(ix) FEATURE : 

(A) NAME/KEY: mRNA 

(B) LOCATION: 1. .1133 

(D) OTHER INFORMATION: /partial 
/gene= "Fad2 M 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 1. .1019 

(D) OTHER INFORMATION: /partial 
/codon_start= 3 

/product^ "delta-12 desaturase" 
/gene= "Fad2 M 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

TC CAA CGC TCT CTC CTA CGC TCG TTC TCA TAT GTT GTT TAT GAC CTC 
47 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu 
385 390 395 

TCC TTA GCC TTC CTC TTC TAC TAT ATT GCT ACC TCT TAC TTC CAT CTC 
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95 

Ser Leu Ala Phe Leu Phe Tyr Tyr He Ala Thr Ser Tyr Phe His Leu 
400 405 410 

CTC CCT CAC CCC CTT TCC TAC TTG GCA TGG TCA ATC TAT TGG GCT CTC 
143 

Leu Pro His Pro Leu Ser Tyr Leu Ala Trp Ser He Tyr Trp Ala Leu 
415 420 425 430 

CAA GGC TGC ATT CTC ACC GGC GTT TGG GTC ATC GCA CAT GAG TGC GGT 
191 

Gin Gly Cys He Leu Thr Gly Val Trp Val He Ala His Glu Cys Gly 
435 440 445 

CAC CAT GCC TTT AGT GAC TAC CAA TGG GTT GAT GAC ATG GTT GGC CTA 
239 

His His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu 
450 455 460 

ACC CTT CAC TCT GCT CTT TTA GTT CCA TAC TTT TCA TGG AAG ATT AGC 
287 

Thr Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser 
465 470 475 

CAC TGT CGC CAC CAC TCT AAC ACC GGC TCC CTT GAC CGA GAT GAG GTG 
His Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val 
480 485 490 

TTT GTC CCC AAG CCG AAA TCC AAA ATG CCA TGG TTT TCT AAG TAC TTC 
383 

Phe Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe 

495 500 505 510 

AAC AAC CCA CCA GGT AGG GTC CTC ACT CTT TTG ATC ACA CTC ACT CTA 
431 

Asn Asn Pro Pro Gly Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu 
515 520 525 

GGC TGG CCC TTG TAC TTA GCC TTG AAT GTT TCT GGC CGA CCC TAT GAT 
479 

Gly Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp 
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530 



CGT TTT GCT TGC CAC 
527 

Arg Phe Ala Cys His 
545 



GAA AGG TGT CAA ATA 
575 

Glu Arg Cys Gin lie 
560 



TAT GTG CTT TAC TAC 
623 

Tyr Val Leu Tyr Tyr 
575 



TTC ATT TAT GGT ATG 
671 

Phe He Tyr Gly Met 
595 



ATC ACC TAC TTG CAG 
719 

He Thr Tyr Leu Gin 
610 



TCA GAA TGG GAT TGG 
767 

Ser Glu Trp Asp Trp 
625 



TAC GGA ATG CTG AAT 
815 

Tyr Gly Met Leu Asn 
640 



GCT CAC CAT CTC TTC 
863 

Ala His His Leu Phe 
655 



535 

TAT GAT CCC TAT GGC CCC 
Tyr Asp Pro Tyr Gly Pro 
550 

TTT GTC TCG GAT GCT GGT 
Phe Val Ser Asp Ala Gly 
565 

GCA GCA ATG TCA AAA GGG 
Ala Ala Met Ser Lys Gly 
580 585 

CCA TTG CTC ATA GTG AAT 
Pro Leu Leu He Val Asn 
600 

CAC ACT CAC CCT GCA TTG 
His Thr His Pro Ala Leu 
615 

CTT AGG GGG GCA TTG GCG 
Leu Arg Gly Ala Leu Ala 
630 

AAG GTT TTC CAC AAT ATC 
Lys Val Phe His Asn He 
645 

TCT ACC ATG CCT CAT TAC 
Ser Thr Met Pro His Tyr 
660 665 



540 

ATT TAT TCC AAT CGC 
He Tyr Ser Asn Arg 
555 

GTC TTT GCT ACA ACT 
Val Phe Ala Thr Thr 
570 

CTG GCA TGG CTT GTA 
Leu Ala Trp Leu Val 
590 

GGC TTC CTT GTA TTA 
Gly Phe Leu Val Leu 
605 

CCG CAC TAT GAC TCA 
Pro His Tyr Asp Ser 
620 

ACG GCG GAT AGA GAT 
Thr Ala Asp Arg Asp 
635 

ATA GAC ACC CAT GTG 
He Asp Thr His Val 
650 

CAT GCA ATG GAA GCC 
His Ala Met Glu Ala 
670 
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ACC AAA GCA ATC AAG TCA ATA TTG GGC AAA TAC TAC CAG TTT GAT GGC 
911 

Thr Lys Ala He Lys Ser He L u Gly Lys Tyr Tyr Gin Phe Asp Gly 



675 



680 685 



ACT CCA GTT TAC AAG GCA GTG TGG AGG GAG GCT AAA GAG TGC CTT TAT 
Thr Pro%al Tyr Lys Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr 
690 695 700 

GTT GAG TCG GAC GAG GGG GCC CCT AAC AAA GGT GTT TTC TGG TAT CAG 
Val GlITser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin 
705 710 715 

AGC AAG CTG TGA TATTGGCTGG ATAGAGCCAA AGAAAATGTG ATTAGTAAGG 

1059 
Ser Lys Leu * 
720 

TAGTGTCTTT GGTCAGTTTG GTGTGT T AAG GAACAAATAA TAATAATTAG CGACTATGAA 
1119 

TAGTTATTGT TAAA 
1133 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 339 amino acids 

( B ) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Gin Arg Ser Leu Leu Arg Ser Phe Ser Tyr Val Val Tyr Asp Leu Ser 
15 10 15 

Leu Ala Phe Leu Phe Tyr Tyr He Ala Thr Ser Tyr Phe His Leu Leu 
20 25 30 

Pro His Pro Leu Ser Tyr Leu Ala Trp Ser He Tyr Trp Ala Leu Gin 
35 40 45 

Gly Cys He Leu Thr Gly Val Trp Val He Ala His Glu Cys Gly His 
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50 55 60 

His Ala Phe Ser Asp Tyr Gin Trp Val Asp Asp Met Val Gly Leu Thr 
65 70 75 80 

Leu His Ser Ala Leu Leu Val Pro Tyr Phe Ser Trp Lys He Ser His 
85 90 95 

Cys Arg His His Ser Asn Thr Gly Ser Leu Asp Arg Asp Glu Val Phe 
100 105 HO 

Val Pro Lys Pro Lys Ser Lys Met Pro Trp Phe Ser Lys Tyr Phe Asn 
115 120 125 

Asn Pro Pro Gly Arg Val Leu Thr Leu Leu He Thr Leu Thr Leu Gly 
130 ~ ^ 135 140 

Trp Pro Leu Tyr Leu Ala Leu Asn Val Ser Gly Arg Pro Tyr Asp Arg 
145 150 155 160 

Phe Ala Cys His Tyr Asp Pro Tyr Gly Pro He Tyr Ser Asn Arg Glu 
165 170 175 

Arq Cys Gin He Phe Val Ser Asp Ala Gly Val Phe Ala Thr Thr Tyr 
180 185 190 

Val Leu Tyr Tyr Ala Ala Met Ser Lys Gly Leu Ala Trp Leu Val Phe 
195 200 205 

He Tyr Gly Met Pro Leu Leu He Val Asn Gly Phe Leu Val Leu He 
210 215 220 

Thr Tyr Leu Gin His Thr His Pro Ala Leu Pro His Tyr Asp Ser Ser 
225 230 235 240 

Glu Trp Asp Trp Leu Arg Gly Ala Leu Ala Thr Ala Asp Arg Asp Tyr 
245 250 255 

Gly Met Leu Asn Lys Val Phe His Asn He He Asp Thr His Val Ala 
260 265 270 

His His Leu Phe Ser Thr Met Pro His Tyr His Ala Met Glu Ala Thr 
275 280 285 

Lys Ala He Lys Ser He Leu Gly Lys Tyr Tyr Gin Phe Asp Gly Thr 
290 295 300 
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Pro Val Tyr Lys Ala Val Trp Arg Glu Ala Lys Glu Cys Leu Tyr Val 
305 1 310 315 320 

Glu Ser Asp Glu Gly Ala Pro Asn Lys Gly Val Phe Trp Tyr Gin Ser 

325 330 335 

Lys Leu * 



Claims 

I. A fragment of DNA from hazel (Corylus avellana L) comprising the nucleotide sequence shown in Figure 2. 

2 A DNA fragment comprising the nucleotide sequence shown in Figure 2 from base 222 to base 1 367, which codes 
for the hazel A12 desaturase enzyme of the endoplasmic reticulum or for a homologous sequence which can code 
for the same amino-acid sequence. 

3 A nucleotide sequence coding for a protein or peptide having an amino-acid homology greater than or equal to 80% 
and preferably greater than 90% with the hazel A12 desaturase enzyme of the endoplasmic reticulum of Claim 2 
and having the function of the said enzyme. 

4. A recombinant DNA sequence comprising a DNA sequence according to Claims 1 , 2 and 3, or a portion of such a 
sequence, together with sequences regulating expression. 

5. A recombinant DNA molecule comprising a cloning vector in which a DNA sequence according to any one of 
Claims 1 , 2, 3 and 4 is inserted 

6. A DNA molecule according to Claim 5, in which the cloning vector is a plasmid or a phage. 

7. A DNA molecule according to Claim 4 or Claim 5 having the restriction map shown in Figure 1 . 

8. A host organism including a recombinant DNA molecule according to any one of Claims 3 to 6. 

9. A host organism according to Claim 8, selected from a vegetable cell.an animal cell, and a micro-organism. 

10. A genetically modified organism capable of expressing the FAD2-N gene, having the amino-acid sequence shown 
in Figure 2 from bp 222 to bp 1367, portions of this gene, or this gene conjugated with other molecules and con- 
taining sequences which can inactivate endogenous genes. 

II. A hazel A12 desaturase enzyme of the endoplasmic reticulum having the amino-acid sequence shown in Figure 2 
in substantially pure form. 

12. A fusion polypeptide comprising the amino-acid sequence of the enzyme of Claim 11, in which the amino-acids 
additively connected thereto do not interfere with the desaturase activity or can easily be eliminated. 

13 The use of the FAD2-N gene coding for the hazel A12 desaturase enzyme of the endoplasmic reticulum or of por- 
tions thereof for the isolation of enzymes having the function of hazel desaturase or of the desaturase of another 
species. 

14. The use of the nucleotide sequences of the FAD2-N gene shown in Figure 2 for me construction of expression sys- 
tems which can alter the fatty-acid content in hazel. 
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EcoRl BamHI Hindlll BamHI Eco Rl 



COS ) I . 

-,000 2000 2800 bp 



Fig. 1 - Restriction map of the genomic clone "N2". CDS: 
coding region; bp: base pair. 
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Fig. 2 - Nucleotide sequence of the gene FAD2-N corresponding 
to an internal fragment of the genomic clone "N2". Aminoacid 
residues of the coding region are also reported. 

rr TCATAAA AAAGTAAGC TCATTTACC TCAAGTAGGGTTTC C TTATG AC AAA TG AG TCCC 60 
GGAGTAf T TTTTC ATTCGAGTAAATGGAGTTC ATCCC AAAGGAAT ACTGTTTAC TC AGGG 



GC AATCCTTT TC TATGAGGTGC T AT AATTGCAAATGTCC AAA TC AT AGGGATATGGATCC 120 
CGTT AGGAAAAGAT ACTCC ACGAT ATTAACGTTTAC AGGTTTAGTATCCCT ATACC T AGG 



AAATAC TATTAAT ATTATGT AGTGTG TTTTTT TTTTTCCC TCA AATTT AC TCTC AC AC CT ISO 
TTTATGATAATTATAATACATCACACAAAAAAAAAAAGGGAGT T T AAA TG AG AG TG TGG A 



AAGTTGATTTTC TCCAGCAT TGGAC AT AGCC TC TGTAGAC AATGGG AGC TAGAAGCCGAA 2^0 
7XCAAC TAAAAGAGGTCGT AACCTGTATCGGAGAC ATCTGTTA.CCCTCGATC TTCGGC T T 

Met G!y Ala Arc Ser Arc 

TGCCTGCTACC AAC AAGCC TAAAGAGCAAAAAACACCC ATCC AGCGAGCACCAC AC ACAA 300 
ACGGACGATGGTTGTTCGGATTTCTCGTTTT7TGTGGGTAGGTCGCTCGT6GTGTGTGTT 

Met Pro Ale Thr Asn Lys Pre Lys Giu C!r. Lys Thr =-c He Gin Arc Ale Pro His Thr 

AACCCCC AT TC AC TC T T AGCC A AC TC AAGAAAGCCG TCCC AC CCAAT7G TTTCC A ACGC T 350 
TTGGGGGT A AGTG AG A A TCGGTTGAGTTC TT TCGGC AGGG TGGGT TAACAA AGG TTGCG A 

Lys Fro Pro Phe Thr Leu Ser Gin Leu Lys Lys Ale Vcl Pro Pro Asn Cys Phe Gin Arc 

CTCTCCTACGCTCGTTCTCATATGTTGTTTATGACCTCTCCTTAGCCTTCCTCTTCTACT ^20 
GAGAGGATGCGAGC A AG AGT A T AC AAC AAA T AC TGG AG AGG A ATCGG A AGG AG A AG A TG A 

Ser Leu Leu Arc Ser Phe Ser Tyr Vc! Vcl Tyr Asp Leu Ser Leu Ale Pre Leu Pre Tyr 

ATATTGCTACCTCTTACTTCCATCTCCTCCCTCACCCCCTTTCCTACTTGGCATGGTCAA 4S0 
T ATAACGATGG AG AATG AAGGT AGAGGAGGG AG TGGGGGAAAGGATGAACCGT ACC AG T T 

Tyr lie Ala Tnr Ser Tyr Phe His Leu Leu Pro His Pro Leu Ser Tyr Leu Ale Trp Ser 

TC T ATTGGGC TCTCCAAGGCTGCATTC TC ACCGGCGTTTGGGTC ATCGCAC A TG AG TGCG 5<*0 
AGAT A ACCCGAG AGGT TCCG ACGT AAGAG TGGCCGC A A ACC C AGT AGC G TG T AC TC AC GC 
lie Tyr Trp Ale Leu Gin G!y Cys lie Leu Thr Gly Vcl Trp Vcl lie Ale His Glu Cys 

GTC ACC ATGCCTTTAGTGACTACC AATGGG 7 7GA7GACATGGTTGGCC TAACCCTTC ACT 600 
CAGTGGTACGGAAATCACTGATGGTTACCCAACTAC TGT ACC AACCGGATTGGG aagtga 

Gly His His Ala Phe Ser Asp Tyr Gin Trp Vcl Asp Asp Met Vcl Gly Leu Thr Leu His 

CTGCTCTTTTAGTTCCATACTTTTCATGGAAGATTAGCCACTGTCGCCACCACTCTAACA 660 
GACGAGAAAATC AAGGT ATG AAAAGTACC T TC T AATCGG TG AC AGCGG TGG TG AG A T TGT 
Ser Ale Leu Leu Vol Pro Tyr Phe Ser Trp Lys He S r His Cys Arg His His Ser Asn 
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CCGGCTCCC TTGACCGAGATGAGGTGTTTGTCCCC AAGCCGAAATCC AAAATGCC ATGG T 720 
GGCCGAGGGAACTGGC TCT ACTCCACAAACAGGGGTTCGGC T TTAGGTTTT ACGG TACC A 
Thr Gly Ser Leu Asp Arg Asp Glu Vcl Phe Val Pro Lys Pro Lys Ser Lys (let Pro Trp 

TTTCTAAGTACTTCAAC AACCCACCAGGTAGGGTCCTCACTC TTTTGATCAC AC TCACTC 780 
AAAG ATTC ATGAAGTTGTTGGGTGGTCC ATCCC AGGAGTGAG AAAAC T AGTG TGAGTG AG 

Phe Ser Lys T/r Phe Asn Asn Pro Pro Gly Arg Val Leu Thr Leu Leu lie Thr Leu Thr 

TAGGCTGGCCC TTG TAC TTAGCCTTGAATGTTTCTGGCCGACCC TATGATCGTTTTGC TT 8*0 
ATCCGACCGGG AAC ATGAATCGGAAC TTAC AAAGACCGGC TGGGATACTAGCAAAACGAA 

Leu Gly Trp Pro Leu Tyr Leu Ala Leu Asn Vcl Ser Gly Arg Pro Tyr Asp Arc Phe Aic 

GCC ACT ATG ATCCC t ATGGCCCC AT TTATTCC AATCGCGAAAGGTGTC AAAT AT TTG TCT 9CC 
CGGTGAT AC T AGGG AT ACCGGGG T AAAT AAGGT TAGCGC TTTCC AC AG T T T AT AAAC AG A 

Cys His T/r Asp Pro Tyr Gly Fro lie Tyr Ser Asn Arg Glu Arg Cys Gin lie Phe Vcl 

CGGATGCTGGTGTC T TTGC TAC AAC T 7 ATG TGC T7 TAC TACGCAGCAATGTCAAAAGGGC 960 
GCC TACGACC AC AG A AACG ATG TTG AA T AC ACG AAA TG A TGCG7CGTT AC AG TTTTCCCG 

Ser Asp Ale Gly Vcl Phe Ale Thr Thr Tyr Vcl Leu Tyr Tyr Ale Ale Met Ser Lys Gly 

7GGC A7GGC TTG 7 A7TCAT7 7A7GG7A7GCC AT TGC 7C ATAG7GAA7GGC 7 7CC 77G 7 A 7 iC20 
ACCGTACCG AACATAAGT AAATACC A7ACGG7AACGAG7A7CAC T 7 ACCGAAGG AAC A7 A 
Leu Ale Trp Leu Vet Phe ile Tyr Giy flex Pro Leu Leu Me Vcl Asr. Cly Phe Leu Vci 

TAATCACC T AC TTGC AGC AC AC TCACCC TGC AT TGC CGC AC T ATG AC TC A TC AG AA 7GGG 1080 
ATT AfiTGGATGAACGTCGTGTGAGTGGGACG 7AACGGCG7GATAC TGAGT AGTC T T ACCC 

Leu He Thr Tyr Leu Gin His Thr His Pro Ale Leu Pro His Tyr Asp Ser Ser G«u Trp 

ATTGGC TTAGGGGGGC ATTGGCGACGGCGGATAGAGA77ACGGAA7GC7GAA7AAGG77 7 I 1*0 
TAACCG AATCCCCCCGTAACCGCTGCCGCCTATCTC TAATGCC TTACGAC TTAT TCC AAA 

Asp Trp Leu Arg Gly Ale Leu Ale Tnr Ale Asp Arc Asp Tyr Gly Met Leu Asn Lys Vcl 

TCC ACAATATC ATAGACACCCATGTGGCTC ACC ATCTCTTC TC TACC ATGCCTC AT TACC 1200 
AGGTGT T AT AGTATC TGTGGGTACACCGAGTGG7 AGAGAAGAG ATGGT ACGG AG TAATGG 
Phe His Asn lie lie Asp Thr His Vol Ale His His Leu Phe Ser Thr Met Pre His Tyr 

ATGC AATGG AAGCC ACCAAAGC AATC AAGTC AATATTGGGC AAATAC T ACC AGT T7GATG 1250 
TACGTT ACC TTCGGTGGT TTCGT TAG TTCAGT TATAACCCGT TTATG ATGG TC A AAC TAC 

His Ala Met Glu Ale Thr Lys Alo He Lys Ser lie Leu Gly Lys Tyr Tyr Gin Phe Asp 

GC AC TCC AGT T T AC AAGGC AGTG TGGAGGGAGGC 7 AAAG AG 7 GCC 7 TT ATGT TG AGTCGG 1320 
CGTGAGGTCAAATGTTCCGTCACACCTCCCTCCGA7 7TCTCACGGAAATACAACTCAGCC 

Cly Thr Pro Val Tyr Lys Ala Val Trp Arg Glu Ale Lys Glu Cys Leu Tyr Vcl Glu Ser 
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ACGAGGGGGCCCCTAAC AAAGGTGTTTTCTGGTATC AGAGC AAGCTGTGATATTGGC TGG l 2SC 
TGC7CCCCCGGGGATTGTTTCC ACAAAAGACCATAG7C TCGTTCGAC ACTATAACCGACC 

Asp Giu Gly A!a Pro Asn Lys Gly Vcl Phe Trp Tyr Cln Ser Lys Leu 

ATAGAGCC A A AG AAAATG TG AT TAG TAAGGT AG TGTC T T TGG TC AG TT TGG TG TG TTAAG 1 
TA TC TC GGTT TC TT f T AC AC TAATC A TTCCATC AC AG A A AC CAGTC A A AC C AC AC AATTC 



GAACAAA7AA7AA7AA77AGCGACTA7GAA7AG77A7 7G77AAAC-AAAAT7CACCC7TA7 \ 5CC 
C77G777A77 A77AT7AA7CGC7GA7AC77A7CAA7AAC AA777G77 77AAG7GGGAA7A 



G7 77AGC AGG A AC 77 7 7C 7GGC 7AC AC 7777777C37 A7G A AAAGC3C A.TAT TT 7 T ~ * A r 
CAAA7CG7CC T TGAAAAGACCGATGTGA.AAAAAAGC A T AC 77 7 7CGCG TATAAA AAA 7 7 A 



TG 7 7 A 7 A 7 7G 7 T 7 7G AC A 7 T AC 7C A AGC 7 7C A A A A 7 7 A A 7 A 7C AC AG A A A A 7 A 7C C A A 73 152C 
AC AAT AT A AC AAAAC TG T AATG AGTTCGAAG^ T7 7AA7 TATAG TGTC 7 7 77 AT AGG 7 7 AC 



T CGAAGGT TTC AT TG T AGG TTGAAAAC 7 7 7A.7AT T3AGG TGG 1652 
AGC T TCC A A AG T A AC A TCCA AC TT TTG A AAT ATAAC TCC ACC 
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tccaacgctc t c tec tacgc teat tc tea tatct tgtttatgccctc tec 50 
ttagccttcctcttctactatattgctaectcttccttccatctcctccc 100 
tccccccctttcctacttggcaicgtcccTctat-ggcctc tccccggct i 50 
ccattctccccgccatttGCctcctcccccctccc-cccctccccctccc 200 
tttactGcctecccctGggttgctgccatgct-cccc-ccccct tccc tc 250 
tgctct-TtGgttccGtacttt-cc-cgaccct-cccccctcteccccce 300 

CCtCtGGCGCCgCCtCCCttGCCCGGGCtgCGGtCtttGteCCCGGCCCG 350 

acctcccacctgccctgg- tvtc-ccgtac-tcccccccccGccccctcc '400 
ggtcc tccc tcttt-gG-ccccctccctctcccc-cgccct-g-cct tec ^50 
ccttgcctgt t-ctggccgccccta-cctcct-~cc--ccccctctcc- 500 
ccctGtgGCcecavttctteccc-ccegGGGGCTctccGGtG-t-ctc-c 550 
ggctcctgGtgtctttGctcccccttGtgtcct-tGC-GCGeccccGtG-: 500 
ccccGcccctcccctgcc-tc-c:-cc:t-c-ac:c:ccc 550 
c-cGctccc--cc-tgtcttactcGCc-Gcttccccccccc-ccccc-:9c /CO 
c ttcccGCcetc tccc TCCtccGcctccgct tccc ttcgccccccGt tec 750 
CGGcgccGcc-ccGCGt tccgccctgetcGCTcccc-t - tcccccci:c-c 300 
atGcccGcccctgtggctccccctctcttc-ctccca-Gcctca.z tcccc 350 
tgccctgcacgcccccccccccatcccctccctct-gcccccc tec tccc 900 

GCtttCCtCCCSCtCCCCtltCCCCCCCCG-C 950 

tGCctttctg-tgGgtCGGGcccGCGGGCCCC-:cccccGGC-ct-i::c-c :OCC 

ctctccccgccccctc tec tct tccc tccc tcc-cccccccccccc tc tec 1060 

t tec tcGcg-agtctctt teg tccc rt tec vc-c--cccccccccctcc- i 100 
cctcctTcgcgcctctccctcct-etTcttccc ' 133 



Fig. 3 - Nucleotide sequence of cCNA done 
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Pig 4 - Nucleotide sequence alignment of clones "I" (I.SEQ) and 
*N2" (N2.SEQ) . 



1 












I.SEQ 


1 


CCTCATAAAAAAG7AAGC7CA777ACCTCAAGTAG 


G 


G T 


7 


7 


M2.SEQ 


1 












I.SEQ 


41 


CCTTATGACAAATGAGTCCCGCAATCCTTTTCTAT 


G 


A G 


G 


7 


N2 . SSQ 


1 












I . SEQ 


81 


GCTATAATTGCAAATGTCCAAATCATAGGGATATG 


G 


A T 


C 


C 


N2.SSQ 


1 












I . S2Q 


121 


AAATACTA7TAATATTATGTAG7GTGTTTTTTTTT 


T 


7 C 


c 


C 


MI . SEQ 


i 












I . SSQ 


161 


TCAAATTTACTCTCACACCTAAGTTSATTTTCTCC 


A G C 


A 


7 


N2 . SEQ 


1 












I .SSQ 


:oi 


TGGACA7AGCC7C7G7AGACAA7GGGAGC7AGAAG 


c 


C G 


A 


A 


5*2 . SEQ 


l 












I , SZQ 


241 


TGCCTGCTACCAACAAGCCTAAAGAGCAAAAAACA 


c 


C C 


A 


*~ 


in. szq 


X 














281 


CCAGCGAGCACCACACACAAAACCCCCA77CAC7C 




7 A G 


c 


W2.SEQ 


1 


• 


A 


C G 


C 


7 


I . SZQ 


321 


CAAC 7CAAGAAACCCGT CCCACCCAA77G 7 7 7 C C A 


A 


C G 


i— 




N2.SEQ 


10 


C7C7CC7ACGC7CG77C7CA7A7G77G77TA7CAC 


C 


7 C 


■y 


C 


I. SSQ 


381 


CTC7CC7ACGC7CG77C7CA7A7G7TG777A7GAC 


c 


7 C 




c 


VZ.5ZQ 


3C 


CTTAGCCTTCCTC77C7AC7A7A7TGC7ACCTCTT 


A 


C 7 


7 


c 


I .SEQ 


401 


CT7AGCCT7CC7CTTC7AC7A7A7TGCTACC7C77 


A 


C 7 


T 


c 


N2.SEQ 


eo 


CATC7CCTCCCTCACCCCCT77CC7AC77GGCA7G 


G 


7 C 


A 


A 


I .SSQ 


441 


CA7C7CC7CCC7CACCCCCI77CC7AC77CGCA7G 


G 


7 C 


A 


A 


if 2 .SSQ 


130 


TCTA7TGGGCTC7CCAAGGC7GCA77C7CACCGGC 


G 




7 


G 


I.SEQ 


431 


TCTA7TGGGCTC7CCAAGGC7GCA77CTCACCGGC 


G 


7 7 




G 


N2 -SSQ 


170 


CGTCATCGCACATGAGTGCGGTCACCA7GCC7TTA 


G 


7 G 


A 


C 


I.SEQ 


521 


GGTCATCGCACATGAGTGCGCTCACCATGCCTT7AG 


7 G 


A 


c 


N2 . SEQ 



210 TACCAA7GGG77GA7GACA7GC77GGCC7AACCC77CAC7 I.SEQ 
561 TACCAA7GCG77GA7GACA7GG77GGCC7AACCC77CAC7 N2.SEQ 



250 C7GC7C7T77AG77CCA7ACT777CA7GGAAGA77AGCCA I.SEQ 

601 C7GC7C7777AGT7CCA7AC77TTCA7GGAAGA7TAGCCA N2.SEQ 

Z~,0 C7G7CCCCACCAC7C7AACACCGGC7CCC7TGACCGAGA7 I. SSQ 

541 C7G7CGCCACCAC7C7AACACCGGC7CCC77GACCGAGA7 M2-SSQ 

330 GAGG7G777G7CCCCAAGCCGAAA7CCAAAA7GCCA7GG7 I. SEQ 

631 GAGGTGTTTGTCCCCAAGCCGAAATCCAAAA7GCCATGCT. HZ. SSQ 

370 TT7C7AAG7AC77CAACAACCCACCAGG- 7AGGG7CC7CAC I.SEQ 

721 TT7C7AAG7AC77CAACAACCCACCAGGTAGGG7CC7CAC M2.SEQ 

410 7C7777GATCACAC7CAC7C7AGGC7GGCCC77G7AC77A I.SEQ 

761 TC77T7GATCACAC7CAC7C7AGGCTGGCC.C77G7AC77A N2.SEQ 

450 CCC77GAATG7TTC7GGCCGACCC7A7GA7CGT7TTGC77 I.SEQ 

801 CCCTTGAA7G777C7GGCCGACCC7A7GA7CG7777GC77 NZ.SEO 
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490 


G C C 


A C T A T G A 


TCCCTATGGCCCCAT 


T T 


A T 


T 


C 


C A A T 


C G 


C 


G 


A 


t.SEQ 


841 


G C C 


A C T A T G A 


TCCCTATGGCC 


C C 


A T 


T T 


A T 


T 


C 


C A A T 


C G 


C 


G 


A 




530 


A A G 


G T G T C A A 


ATATTTGTCTC 


G G 


A T 


G C 


T G 


G 


T 


G T C T 


T T 


G 


C 


T 


X.SEQ 


881 


A A G 


G T G T C A A 


ATATTTGTCTC 


G G 


A T 


G C 


T G 


G 


T 


G T C T 


T T 


G 


c 


T 


N2 . SEQ 


570 


A C A 


A C T T A T G 


TGCTTTACTAC 


G C 


A G 


C A A T 


G 


T 


C A A A 


A G 


G 


G 


C 


I. SEQ 


921 


A C A 


A C T T A T G 


TGCTTTACTACGCAGCAATGTCAAAAGGGC 


N2.3EQ 


610 


T G G 


C A T G G C T 


TGTATTCATTT 


A T 


G G 


T A 


T G 


C 


C 


A T T G 


C T 


C 


A 


T 


I .SEQ 


961 


T G G 


C A T G G C T 


TGTATTCATTT 


A T 


G G T A T G 


C 


C A T T G 


C T 


C 


A 


T 


N2.SEQ 


650 


A G T 


G A A T G G C 


TTCCTTGTATT 


A A 


T C 


A C 


C T 


A 


C 


T T G C 


A G 


C 


A 


C 


I. SEQ 


1001 


A G T 


G A A T G G C 


TTCCTTGTATT 


A A 


T C 


A C 


C T 


A 


C 


T T G C 


A G 


C 


A 


C 


N2.SEQ 


690 


ACT 


r & c e c T G 


CATTGCCGCAC 


T A 


T G 


A C 


T C 


A 


T 


C A G A 


A T 


G 


G 


G 


X.SSQ 


1041 


ACT 


C A C C C T G 


CATTGCCGCAC 


T A 


T G 


A C 


T C 


A 


T 


C A G A 


A T 


G 


G 


G 


N2.SEQ 


730 


ATT 


G G C T T A G 


GGGGGCATTGG 


C 3 


A C 


G G 


C G 


G 


A 


T A G A 


G A 


T 


T 


A 


X ♦ SEQ 


1081 


ATT 


G G C T T A G 


GGGGGCATTGG 


C G 


A C 


G G 


C G 


G 


A 


T A G A 


GAT 


T 


A 


M2.SZQ 


770 


C G G 


A A T G C T G 


AATAAGGTTTT 


C C 


A C 


A A 


T A 


T 


C 


A T A G 


A C 


A 


C 


C 


X.SEQ 


1121 


C G G 


A A T G C T G 


AATAAGGTTTT 


C C 


A C 


A A 


T A 


T 


c 


A T A G 


A C 


A 


C 


c 


N2.SEQ 


810 


CAT 


G T G G C T C 


ACCATCTCTTC 


T C 


T A 


C C 


A T 


G 


c 


C T C A 


T T 


A 


C 


C 


X.SEQ 


1161 


CAT 


G T G G C T C 


ACCATCTCTTC 


T C 


T A 


C C 


A T 


.G 


C 


C T C A 


T T 


A 


c 


c 


N2 . SEQ 



850 ATGCAATGGAAGCCACCAAAGCAATCAAGTCAATATTGGG I. SEQ 

1201 ATGCAATGGAAGCCACCAAAGCAATCAAGTCAATATTGGG N2.SEQ 

890 C A A A T A C T A C C A G T 7 T G A T G G C A C T C C A G T T ? A C A A G G C A X .SEQ 

1241 CAAATACTACCAGTTTGATGGCACTCCAGTTTACAAGGCA NX. SEQ 

930 G7G7GGA.3GGAGGCTAAAGAG7GCCTTTATGTTGAGTCGC- X.5E3 

1291 GTGTGGAGGGAGGCTAAAGAGTGCCTTTATGTTGAGTCGC N2.SEQ 

970 ACGAGGGGGCCCCTAACAAAGGTGTTTTCTGGTATCAGAG X.SEQ 

1321 ACGAGGGGGCCCCTAACAAAGGTGTTTTCTGGTATCAGAG N2 . SEQ 

1010 CAAGCTGTGATATTGGCTGGATAGAGCCAAAGAAAATGTG X.S£Q 

1361 CAAGCTGTGATATTGGCTGGATAGAGCCAAAGAAAATGTG K2.SEQ 

1050 ATTAGTAAGGTAGTGTCTTTGGTCAGTTTGGTGTGTTAAG X. SEQ 

1401 ATTAGTAAGGTAGTGTCTTTGGTCAGTTfGGTGTGTTAAG N2 . SEQ 

1090 GAACAAATAATAATAATTAGCGACTATGAATAGTTATTGT I .SEQ 

1441 GAACAAATAATAATAATTAGCGACTATGAATAGTTATTGT N2.SEQ 

1130 T A A A 1 SZQ ' 

1481 TAAACAAAATTCACCCTTATGTTTAGCAGGAACTTTTCTG N2.SIQ 

1133 X ' SEQ 

1521 GCTACACTTTTTTTCGTATG.AAAAGCGCATATTTTTTAAT N2.SEQ 

1133 r ' S£ Q 



1561 T G T T A T A 



TTGTTTTGACATTACTCAAGCTTCAAAATTAAT W2.SEQ 



1133 ISEQ 
1601 ATCACAGAAAATATCCAATGTCGAAGGTTTCATTGTACGT N2-SEQ 



1133 



X . SEQ 



16m TGAAAACTTTATATTGAGGTGG N2.SEQ 
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1 .M G A IR S| R M PI- A lTlN K P|K jE Q K T!P?I Q iRS Al P? B T IK P^P ' F LL !L S QJl- K K A1 JL N2 . PRO 

1 M G A G G R pT Di V PI PAN RjK S EjVjO^PjL.K R V P;F,E K P Jfc F S L S Ql j_=K K A I. L43921.PRO 

i ImGAGGRMPV p"t! s S K IR S eI tIdiT T ?K R V P' C ?E K P P F S! V G O IL K K A il L26296.PRO 



40 sTTnIC F Q R S: L[t R S FSYVVYDLS J^A F _L_iLY y 'JL A Ti SjY F H L L P;H}P t N2.PRO 

41 !P pTTc FJ8_R S|v!jL.R S F S Y V V Y D Li T • I AJ^C^Y Y V A T!H|Y F_H_L L P;Gjpj L43921.PRO 
41 IP P g C Fi K lR SI I P !r S F S y! L I SlpiT i ll A; S ?C F Y Y V A TI W iY rl s :L L p' ojPi L26296.PRO 



80 *L S Y L A w: S [ I Y W A» L 

81 |l S | F R G M Alj_Y W a| V 
81 ' LSYLAW* P L iY W A: C 



QGCILTGVWVIAHECGHHAFSDY Q JT^V - 0 0^2. PRO 

Q G C_I_L T G_V_W VIAHECGHHAFSDY QlJLj L D Dj L43921.PRO 

Q G Cj V lL T G I !W VIAHECGHHAFS DYQWLDD L26296.PRO 



120 M*V GL, TiLHSALLV PYFSW Ki_I_ S H^CjR H H S N T G S L:^0iR 0 E V F V P K. N2 . PRO 

121 I!V G L I Jj_H S_A_L LVPYFSWKYSSRRHHSNTGSLEROEVFVPK L43921.PRO 
121 T ■ V G L I F'K S-F»LLV PYFSWKYSHRRKHSNTG S LEROE'/FV g K L26296.PRO 



160 ?:K S R MPj Wj F;S K Y^FjN NPPGRVLTL L£T LTLGWPLYLALNVSG N2 . ?RO 

161 Q~K S C I K W Y_S_K Y L N N P_P_G R V L T L A V T L 7 L G W P L Y L A L N V S G L43921.PRC 
161 Q K SA I K W YG K YLNWPLGR I MMJ.TVQT V L G W P L Y L A F N V S G L26296.PRO 



200 RPYORFACKYDPYGPIY S_M_R S R_C_C I V S 0 A G V F AT ? Y V L _Y_ N2 . PRC 

201 R P Y D_R_F A C g Y 0 P Y G P I Y_S_0 RERLQIYISCA GJ£_L A 7V^G L> L43921.PRO 
201 R P Y D G F A C H! F F>N A P I Y S DRSRLQ I Y L S DA G I L AV C F G L Y L262S5.PRO 



240 Y_A A KJS_K G L A W L V_F I Y GJ^P L U U C f L V L I TJ^L Q H T H ? A L B N2 . PRC 

241 R L A_K_AJC_G_L_AJT VJ^C V Y GVPLLX 7 * 1 ^^ 71 ' 1 '^^ 517 * 5 '.^ 5 "3921. PRO 
241 G.M A. S M I'CL YGVglLIVW A FlVLZ 7YLQH7H? S L ? L2629S.PRC 



280 H Y£S S2W0WLRGALAT JV D R 0 Y G_M_L N X V ? K N I _I_ DTHVAKK L N2.PRO 

281 K Y JT_ S S E W D W L R G A L A T V 0 R 0 Y G I L N K V ? H N I T 0 T I-I V A K H L L43921 . PRC 
231KYOSSSWOWLRGALATVORDYGILNKVFHNITDTaVAKHL L2829S.PRO 



320 FSTWPKYKAMEATKAI K_S_I LG K.YYQ_FOG_T P V _Y_ K A. V-W R E A_K N2 . PRC 

321 FSTMPHYHAMEATKAI KP I L 6 EM^t OE_ T P F V__K_A M_W_R S A_R_ L4 3921 . PRO 
321 ' rSTMPKY W A. MEAtKAIKPILG D YYqFPGTP WYVAMY REAK L2629-S.rRO 



360 S C L_Y VES:PEGA? NKG V F W Y Q S K L N2 . PRO 

361 E C I Y V E P 0 Q S T E S> G V^H Y N N K L L439Z1 - cRC 
361 ECIYVEPOR EGO K K CV Y WYNNKL L26296.PRO 



Fig, 5 - Aminoacid sequence alignment of A12 desaturase from 
hazelnut (N2.PRO), Arabidopsis (L26296.PRO) and soybean 
(L43921.PRO) . Homologous residues are boxed. 
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Fig. . 5 - Homolocy between hazel £.12 desamrase and other 
desaTrurases 

-4*3921 : ^12 desaturase tie er.cociasiaic reticulum of soya 
L T 2 2 3 7 3 : £.12 hydroxylase of ricir. 

L25295: £.12 desaturase of the endoplasmic reticulum cf 

£-ra±)±ccps±s thallana 
12 29 3 1 : d!5 pLas-id cesaturasa of AraJsicapsls thai iana 
r J09503: A 12 pias-Ld cssct'JLrssa of AraJDldopsis thaliana 
X 7 3 3 1 1 : £.12 plastid cssaturasa of spinach* 

: £.15 desaturase of the e.nccolasTuic raticulun of 

AraJDldopsis c hall ana 
XS3264: a 9 piastld desa-curase of race 



•Vote: nc: .not decarsi^ed si^ce the ajnino-acic secria/2ce is not 
known . 
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1 2 3 4 5 




Fig. 7 - Northern blot of RNA of Montsceiio leaves (line 1), 
Nocchione leaves (line 2), Mcnreceiio kernels (line 3), Vecchione 
kernels (line 4), and San Giovanni kernels (line 5). The RNA 
was hybridized with the I clone of cDNA. 
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